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 S3 
1. General Methods 
 
Precoated silica gel plates with a fluorescent indicator (Merck 60G F254) were 
used for analytical and preparative thin layer chromatography. Flash column 
chromatography was carried out with Kanto Chemical silica gel (Kanto Chemical Co., 
Inc., Silica gel 60N, spherical neutral, 40-50 µm, Cat.-No. 37563-84) or Merck silica gel 
230-400 mesh ASTM (60N, 40-63 µm, Cat.-No. 109385). 1H NMR spectra were recorded 
at 500 MHz and 13C NMR spectra were recorded at 125 MHz on JEOL ECA-500 (500 
MHz). The chemical shifts are expressed in ppm downfield from internal solvent peaks 
CDCl3 (7.26 ppm, 1H NMR), CD3OD (3.31 ppm, 1H NMR), CDCl3 (77.16 ppm, 13C 
NMR), CD3OD (49.00 ppm, 13C NMR) and coupling constant (J values) are given in 
Hertz. The coupling patterns are expressed by s (singlet), d (doublet), dd (double doublet), 
ddd (double double doublet), dddd (double double double doublet), t (triplet), m 
(multiplet), app (appearance). The all infrared spectra were measured on a Horiba FT-210 
spectrometer using a diamond horizontal ATR accessory. High- and low-resolution mass 
spectra were measured on a JEOL JMS-700 MStation and JEOL JMS-T100LP. Optical 
rotations were measured with a Jasco P-1010 polarimeter. CD spectra were recorded on 
a JASCO J-720 spectropolarimeter (JASCO, Tokyo, Japan) with a quartz cell (light path 
length: 10 mm) and Analytical High Performance Liquid Chromatography (HPLC) was 
conducted by an Elite Lachrome system (Hitachi, Tokyo, Japan). 
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2. Experimental Procedures and Compounds Characterization 
 
(2S,3R)-3-{(tert-Butyldimethylsilyl)oxy}-3-{(R)-2,2-dimethyl-1,3-dioxolan-4-yl}-2-
methylpropan-1-ol {(+)-9} 
 
 
 
To a stirred solution of (–)-81 (11.6 g, 24.3 mmol) in THF/EtOH (48.6 mL, v/v = 9/1) was 
slowly added a solution of LiBH4 in THF (3.0 M, 12.2 mL, 36.5 mmol) over 20 min at 0 
˚C under N2 atmosphere. After being stirred at 0 ˚C for 40 min, the reaction mixture was 
diluted with Et2O (50 mL) and carefully quenched with saturated aq NH4Cl (100 mL). 
Resulted two layers were separated and the aqueous phase was extracted with EtOAc 
(100 mL ´ 1) and DCM (100 mL ´ 3). The combined organic layers were washed with 
brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure to 
afford the crude product. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 5/1 to 4/1) to afford (+)-9 (5.98 g, 81%) as 
a colorless oil; Rf = 0.50 (hexanes/EtOAc = 2/1); [a]20D +4.9˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 3741, 2931, 2862, 1466, 1373, 1250, 1142, 1034, 833, 779, 671; 1H NMR 
(500 MHz, CDCl3) δ (ppm): 4.14 (ddd, J = 8.0, 6.0, 5.7 Hz, 1H), 3.97 (dd, J = 8.0, 6.3 
Hz, 1H), 3.75 (dd, J = 5.7, 2.9 Hz, 1H), 3.68-3.63 (complex m, 2H), 3.55 (dd, J = 10.9, 
7.5 Hz, 1H), 1.71 (m, 1H), 1.42 (s, 3H), 1.36 (s, 3H), 0.92-0.90 (complex m, 12H), 0.10 
(s, 3H), 0.09 (s, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 109.3, 77.2, 73.9, 66.2, 
64.5, 39.2, 26.6, 26.1 (3C), 25.8, 18.4, 11.3, –4.3, –4.7; HRMS-ESI (m/z): [M+Na]+ calcd 
for C15H32NaO4Si, 327.1968; found, 327.1955.  
1) Smith, A. B. III et al. Proc. Natl. Acad. Sci. USA, 2004, 101, 12042-12047. 
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(2S,3R)-3-{(tert-Butyldimethylsilyl)oxy}-3-{(R)-2,2-dimethyl-1,3-dioxolan-4-yl}-2-
methylpropyl methanesulfonate (S4) 
 
 
 
To a stirred solution of (+)-9 (31.8 g, 104 mmol) in DCM (1.04 L) was added Et3N (34.6 
mL, 250 mmol) and MsCl (9.66 mL, 125 mmol) slowly over 5 min at 0 ˚C under N2 
atmosphere. After being stirred at 0 ˚C for 5 min, the reaction mixture was quenched with 
aq 1N HCl (500 mL). Resulted two layers were separated and the aqueous phase was 
extracted with DCM (500 mL ´ 3). The combined organic layers were washed with 
saturated aq. NaHCO3 (1000 mL ´ 1) and brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to afford the crude product. This resulting mesylate 
S4 was used in the next reaction without further purification; Rf = 0.47 (DCM only). 
 
 
(3S,4R)-4-{(tert-butyldimethylsilyl)oxy}-4-{(R)-2,2-dimethyl-1,3-dioxolan-4-yl}-3-
methylbutanenitrile {(+)-10} 
 
 
 
To a stirred solution of crude S4 in DMSO (520 mL) was added NaCN (51.0 g, 1.04 mol) 
in one portion at room temperature and the suspension was warmed to 80 ˚C. The NaCN 
was gradually dissolved and the color of reaction mixture was turned to orange. After 
being stirred at 80 ˚C for 4 h, the reaction mixture was cooled to room temperature 
followed by diluted with hexane/EtOAc (500 mL, v/v = 1/1) and quenched with brine 
(500 mL). Resulted two layers were separated and the aqueous phase was extracted with 
hexane/EtOAc (v/v = 1/1, 500 mL ´ 3). The combined organic layers were washed with 
MsCl, Et3N
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brine (1 L ´ 2), dried over sodium sulfate, filtered, and concentrated under reduced 
pressure to afford the crude product. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 15/1, 10/1 to 5/1) to afford (+)-10 (31.6 g, 
97%) as a colorless oil; Rf = 0.63 (hexanes/EtOAc = 2/1); [a]20D +9.3˚ (c 1.00, CHCl3); 
IR (neat) νmax (cm-1): 2931, 2862, 1466, 1373, 1250, 1134, 1057, 833, 779, 671; 1H 
NMR (500 MHz, CDCl3) δ (ppm): 4.07 (ddd, J = 8.0, 6.3, 6.3 Hz, 1H), 3.95 (dd, J = 
8.0, 6.3 Hz, 1H), 3.69 (dd, J = 6.3, 3.4 Hz, 1H), 3.60 (dd, J = 8.0, 8.0 Hz, 1H), 2.52 (dd, 
J = 16.6, 6.9 Hz, 1H), 2.36 (dd, J = 16.6, 8.0 Hz, 1H), 1.88 (m, 1H), 1.40 (s, 3H), 1.34 (s, 
3H), 1.05 (d, J = 6.9 Hz, 3H), 0.90 (s, 9H), 0.12 (s, 3H), 0.11 (s, 3H); 13C NMR (125 
MHz, CDCl3) δ (ppm): 119.3, 109.4, 77.6, 74.6, 65.8, 34.7, 26.5, 26.0 (3C), 25.6, 21.9, 
18.4, 14.0, –4.0, –4.9; HRMS-ESI (m/z): [M+Na]+ calcd for C16H31NNaO3Si, 336.1971; 
found, 336.1957. 
 
 
(4S,5R)-5-{(tert-Butyldimethylsilyl)oxy}-5-{(R)-2,2-dimethyl-1,3-dioxolan-4-yl}-4-
methylpentan-2-one {(+)-11} 
 
 
 
To a stirred solution of (+)-10 (31.5 g, 100 mmol) in Et2O (1.00 L) was added a solution 
of MeLi in Et2O (1.10 M, 136 mL, 150 mmol) over 30 min at –78 ˚ C under N2 atmosphere. 
After being stirred at –78 ˚C for 20 min, the reaction mixture was allowed to warm to 0 
˚C. The reaction mixture was stirred for 30 min at 0 ˚C before quenched with aq 1N 
NaHSO4 (800 mL). Resulted two layers were separated and the aqueous phase was 
extracted with Et2O (500 mL ´ 2). The combined organic layers were washed with brine, 
dried over sodium sulfate, filtered, and concentrated under reduced pressure to afford the 
crude product. The residue was purified by silica gel flash column chromatography (silica 
gel, hexanes/EtOAc = 15/1 to 10/1) to afford (+)-11 (26.8 g, 81%) as a colorless oil; Rf 
= 0.60 (hexanes/EtOAc = 3/1); [a]20D +3.3˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2931, 
2862, 1720, 1373, 1219, 1049, 833, 771, 671; 1H NMR (500 MHz, CDCl3) δ (ppm): 
MeLi
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4.03 (ddd, J = 8.6, 7.5, 6.3 Hz, 1H), 3.97 (dd, J = 7.5, 6.3 Hz, 1H), 3.61 (dd, J = 8.0, 8.0 
Hz, 1H), 3.55 (dd, J = 6.9, 2.3 Hz, 1H), 2.65 (dd, J = 17.8, 6.3 Hz, 1 H), 2.12 (dd, J = 
17.8, 7.5 Hz, 1 H), 2.12 (s, 3H), 1.98 (m, 1H), 1.38 (s, 3H), 1.34 (s, 3H), 0.91 (s, 9H), 
0.87 (d, J = 6.9 Hz, 3H), 0.10 (s, 3H), 0.05 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 
(ppm): 208.1, 109.0, 78.4, 77.2, 66.2, 48.2, 31.8, 30.6, 26.7, 26.2 (3C), 25.9, 18.6, 13.8, 
–3.8, –4.8; HRMS-ESI (m/z): [M+Na]+ calcd for C17H34NaO4Si, 353.2124; found, 
353.2110. 
 
 
(4S,5R)-5-{(R)-2,2-Dimethyl-1,3-dioxolan-4-yl}-5-hydroxy-4-methylpentan-2-one 
(12) and (4S,5R)-5-{(R)-2,2-Dimethyl-1,3-dioxolan-4-yl}-2,4-dimethyltetrahydro-
furan-2-ol (13) 
 
 
 
A stirred mixture of (+)-11 (26.8 g, 81.1 mmol) in a solution of tetrabutylammonium 
fluoride in THF (1.0 M, 162 mL, 162 mmol) was heated to reflux. After being stirred for 
1 h at reflux, the mixture was cooled to room temperature and quenched with saturated 
aq NH4Cl (200 mL). Resulted two layers were separated and the aqueous phase was 
extracted with DCM (100 mL ´ 4). The combined organic layers were washed with brine 
(500 mL), dried over sodium sulfate, filtered, and concentrated under reduced pressure to 
afford the crude product. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 5/1, 4/1, 3/1, 2/1 to 1/1) to afford 12 and 
13 (16.4 g, 94%, 12/13 = 10/1 in CDCl3) as an inseparable mixture of colorless oil; Rf = 
0.23 (hexanes/EtOAc = 2/1); IR (neat) νmax (cm-1): 3464, 2978, 2885, 1712, 1373, 1211, 
1157, 1057, 864; 1H NMR (500 MHz, CDCl3) δ (ppm) (about major product 12): 4.09 
(dd, J = 12.6, 6.3 Hz, 1H), 4.03 (dd, J = 8.0, 6.3 Hz, 1H), 3.76 (dd, J = 7.5, 7.5 Hz, 1H), 
3.43 (m, 1H), 2.72 (dd, J = 17.2, 6.9 Hz, 1H), 2.41 (dd, J = 17.8, 6.9 Hz, 1H), 2.15 (s, 
3H), 2.12 (m, 1H), 1.41 (s, 3H), 1.37 (s, 3H), 0.92 (d, J = 6.9 Hz, 3H); 13C NMR (125 
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MHz, CDCl3) δ (ppm) (about major product 12): 208.5, 109.4, 77.3, 74.1, 66.3, 47.8, 
31.6, 30.5, 26.6, 25.6, 13.8; HRMS-ESI (m/z): [M+Na]+ calcd for C11H20NaO4, 239.1259; 
found, 239.1261 
 
 
(E)-4-[(2S,4S,5R)-5-{(R)-2,2-Dimethyl-1,3-dioxolan-4-yl}-2,4-dimethyltetrahydro-
furan-2-yl]but-2-enal {(–)-14} 
 
 
 
To a stirred solution of 12 and 13 (236 mg, 1.09 mmol) and 1-(trimethylsiloxy)-1,3-
butadiene (191 µL, 1.09 mmol) in DCM (10.9 mL) was added BF3•OEt2 (137 µL, 1.09 
mmol) one portion at –78 ˚C under N2 atmosphere. After being stirred at –78 ˚C for 10 
seconds, the reaction mixture was immediately quenched with acetic acid (glacial 
grade)/DCM (624 µL, v/v = 1/1) and the resulting reaction mixture was allowed to warm 
to room temperature slowly. After 5 min, the resulted stirred mixture was added saturated 
aq NaHCO3 (20 mL) before the color was turned to orange. Resulted two layers were 
separated and the aqueous phase was extracted with DCM (20 mL ´ 3). The combined 
organic layers were washed with brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to afford the crude product. The residue was purified 
by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 10/1, 8/1 to 6/1) 
to afford (–)-14 (182 mg, 66%) as a colorless oil; Rf = 0.59 (hexanes/EtOAc = 1/1); [a]24D 
–40.1˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2981, 2935, 2885, 1689, 1369, 1215, 1142, 
1061, 980, 876; 1H NMR (500 MHz, CDCl3) δ (ppm): 9.53 (d, J = 8.0, Hz, 1H), 6.91 
(m, 1H), 6.14 (app dd, J = 15.5, 8.0 Hz, 1H), 4.10 (ddd, J = 8.0, 6.3, 5.2 Hz, 1H), 4.02 
(dd, J = 8.0, 6.3 Hz, 1H), 3.88 (dd, J = 6.9, 5.2 Hz, 1H), 3.71 (dd, J = 8.0, 8.0 Hz, 1H), 
2.58 (ddd, J = 13.5, 6.9, 1.7 Hz, 1H), 2.48 (ddd, J = 13.8, 8.0, 1.2 Hz, 1H), 2.44 (m, 1H), 
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1.98 (dd, J = 12.6, 7.5 Hz, 1H), 1.60 (dd, J = 12.6, 7.5 Hz, 1H), 1.43 (s, 3H), 1.37 (s, 3H), 
1.36 (s, 3H), 1.06 (d, J = 6.9 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 193.9, 
154.9, 135.2, 109.3, 82.1, 81.1, 76.1, 66.0, 45.2, 45.1, 35.8, 27.7, 26.7, 25.6, 15.0; 
HRMS-ESI (m/z): [M+Na]+ calcd for C15H24NaO4, 291.1572; found, 291.1563. 
 
 
(E)-4-[(2S,4S,5R)-5-{(R)-2,2-Dimethyl-1,3-dioxolan-4-yl}-2,4-dimethyltetrahydro-
furan-2-yl]but-2-enoic acid (S5) 
 
 
 
To a stirred solution of (–)-14 (3.65 g, 14.4 mmol) in THF/t-BuOH (288 mL, v/v = 1/1) 
was added 2-methyl-2-butene (61.2 mL, 576 mmol), a solution of NaH2PO4•2H2O (44.9 
g, 288 mmol) in H2O (144 mL) and a solution of NaClO2 (79%, 16.5 g, 144 mmol) in 
H2O (144 mL) at 0 ˚C. After being stirred at room temperature for 1 h, the organic layer 
was separated and the aqueous phase was extracted with DCM (300 mL ´ 3). The 
combined organic layers were washed with brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to afford the crude product. This resulting carboxylic 
acid S5 was used in the next reaction without further purification; Rf = 0.21 
(hexanes/EtOAc = 1/1). 
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Methyl (E)-4-[(2S,4S,5R)-5-{(R)-2,2-dimethyl-1,3-dioxolan-4-yl}-2,4-dimethyltetra-
hydrofuran-2-yl]but-2-enoate {(–)-15} 
 
 
 
To a stirred solution of crude S5 (14.4 mmol) in benzene/MeOH (288 mL, v/v= 10/1) was 
added a solution of trimethylsilyldiazomethane in Et2O (2.0 M, 10.8 mL, 21.6 mmol) over 
10 min at 0 ˚C under N2 atmosphere. After being stirred at 0 ˚C for 1 h, to the reaction 
mixture was added acetic acid until yellow color was disappeared. The resulting mixture 
was concentrated under reduced pressure to afford the crude product. The residue was 
purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 5/1) to 
afford (–)-15 (4.01 g, 93%) as a colorless oil; Rf = 0.71 (hexanes/EtOAc = 1/1); [a]23D –
24.6˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2978, 2943, 2889, 1716, 1655, 1369, 1342, 
1242, 1196, 1165, 1095, 1041, 987, 867; 1H NMR (500 MHz, CDCl3) δ (ppm): 6.96 (m, 
1H), 5.86 (app d, J = 15.5, 1H), 4.08 (m, 1H), 4.00 (dd, J = 8.0, 6.3 Hz, 1H), 3.86 (dd, J 
= 6.9, 5.7  Hz, 1H), 3.73 (s, 3H), 3.70 (dd, J = 8.0, 8.0 Hz, 1H), 2.44-2.37 (complex m, 
3H), 1.99 (dd, J = 12.6, 7.5 Hz, 1H), 1.54 (dd, J = 12.6, 8.0 Hz, 1H), 1.43 (s, 3H), 1.36 
(s, 3H), 1.34 (s, 3H), 1.04 (d, J = 7.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 
166.7, 145.6, 123.4, 109.2, 82.1, 80.9, 76.1, 66.0, 51.3, 44.7, 44.5, 35.8, 27.8, 26.6, 25.6, 
14.9; HRMS-ESI (m/z): [M+Na]+ calcd for C16H26NaO5, 321.1678; found, 321.1683. 
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Methyl (E)-4-[(2S,4S,5R)-5-{(R)-1,2-dihydroxyethyl}-2,4-dimethyltetrahydrofuran-
2-yl]but-2-enoate (S6) 
 
 
 
A solution of (–)-15 (1.89 g, 6.33 mmol) in AcOH (ca. 80 % in H2O, 21.1 mL) was stirred 
at 50 ˚ C for 1 h. The reaction mixture was cooled to room temperature followed by diluted 
with DCM (50 mL) and cautiously quenched with aq 6N NaOH. Resulted two layers were 
separated and the aqueous phase was extracted with DCM (30 mL ´ 4). The combined 
organic layers were washed with brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to afford the crude product. This resulting diol S6 
was used in the next reaction without further purification; Rf = 0.16 (hexanes/EtOAc = 
1/1). 
 
 
Methyl (E)-4-{(2S,4S,5R)-5-[(R)-2-{(tert-butyldimethylsilyl)oxy}-1-hydroxyethyl]-
2,4-dimethyltetrahydrofuran-2-yl}but-2-enoate {(–)-16} 
 
 
 
To a stirred solution of crude S6 (6.33 mmol) in DCM (21.1 mL) was added imidazole 
(1.24 g, 8.23 mmol) and tert-butyldimethylchlorosilane (862 mg, 12.7 mmol) at 0 ˚C 
under N2 atmosphere. After being stirred at 0 ˚C for 30 min, the reaction mixture was 
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quenched with saturated aq NH4Cl (30 mL). Resulted two layers were separated and the 
aqueous phase was extracted with DCM (30 mL ´ 2). The combined organic layers were 
washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced 
pressure to afford the crude product. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 10/1, 8/1) to afford (–)-16 (2.27 g, 96%) as 
a colorless oil; Rf = 0.68 (hexanes/EtOAc = 1/1); [a]23D –44.9˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 3560, 2927, 2858, 1716, 1655, 1254, 1180, 1095, 1061, 837, 771; 1H NMR 
(500 MHz, CDCl3) δ (ppm): 6.96 (m, 1H), 5.85 (app d, J = 15.5 Hz, 1H), 3.91 (dd, J = 
7.5, 2.9 Hz, 1H), 3.73 (s, 3H), 3.65-3.57 (complex m, 3H), 2.47 (m, 1H), 2.41 (ddd, J = 
14.3, 7.2, 1.7 Hz, 1H), 2.35 (ddd, J = 13.8, 8.0, 1.7 Hz, 1H), 1.97 (dd, J = 12.6, 7.5 Hz, 
1H), 1.57 (dd, J = 12.6, 9.2 Hz, 1H), 1.31 (s, 3H), 1.11 (d, J = 6.9 Hz, 3H), 0.90 (s, 9H), 
0.07 (s, 6H); 13C NMR (125 MHz, CDCl3) δ (ppm): 166.8, 145.8, 123.4, 81.9, 80.1, 71.2, 
65.1, 51.5, 45.3, 44.3, 35.8, 27.2, 26.0 (3C), 18.4, 14.8, –5.3 (2C); HRMS-ESI (m/z): 
[M+Na]+ calcd for C19H36NaO5Si, 395.2230; found, 395.2230. 
 
 
Methyl (E)-4-[(2S,4S,5R)-2,4-dimethyl-5-{(R)-8,8,9,9-tetramethyl-1-phenyl-2,4,7-
trioxa-8-siladecan-5-yl}tetrahydrofuran-2-yl]but-2-enoate (S7) 
 
 
 
To a stirred solution of (–)-16 (2.10 g, 5.64 mmol) in DCM (11.3 mL) was added N,N-
diisopropylethylamine (3.87 mL, 28.8 mmol) and benzyl chloromethyl ether (9.72 mL, 
56.4 mmol) at 0 ˚C under N2 atmosphere. After being stirred at room temperature for 2 h, 
BOMCl (1.94 mL, 14.1 mmol) was further added. After being stirred at room temperature 
for 5 h, the reaction mixture was quenched with aq 1N HCl (20 mL). Resulted two layers 
were separated and the aqueous phase was extracted with DCM (20 mL ´ 2). The 
combined organic layers were washed with brine, dried over sodium sulfate, filtered, and 
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concentrated under reduced pressure to afford the crude product. This resulting BOM 
ether S7 was used in the next reaction without further purification; Rf = 0.45 
(hexanes/EtOAc = 4/1). 
 
 
Methyl (E)-4-{(2S,4S,5R)-5-[(R)-1-{(benzyloxy)methoxy}-2-hydroxyethyl]-2,4-
dimethyltetrahydrofuran-2-yl}but-2-enoate {(+)-17} 
 
 
 
A mixture of crude S7 (5.64 mmol) in a solution of TBAF in THF (1.0 M, 11.3 mL, 11.3 
mmol) was stirred for 2 h at room temperature. The reaction mixture was diluted with 
DCM (20 mL) and quenched with saturated aq NH4Cl (50 mL). Resulted two layers were 
separated and the aqueous phase was extracted with DCM (50 mL ´ 2). The combined 
organic layers were washed with brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to afford the crude product. The residue was purified 
by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 3/1 to 1/1) to 
afford (+)-17 (2.09 g, 98%) as a colorless oil; Rf = 0.38 (hexanes/EtOAc = 1/1); [a]23D 
+0.37˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 3448, 2951, 2877, 1720, 1435, 1269, 1169, 
1022, 744, 698; 1H NMR (500 MHz, CDCl3) δ (ppm): 7.37-7.28 (complex m, 5H), 6.95 
(m, 1H), 5.86 (app d, J = 15.5 Hz, 1H), 4.97 (d, J = 6.9 Hz, 1H), 4.86 (d, J = 6.9 Hz, 1H), 
4.77 (d, J = 11.5 Hz, 1H), 4.64, (d, J = 11.5 Hz, 1H), 4.03 (dd, J = 6.9, 4.6 Hz, 1H), 3.81 
(m, 1H), 3.74-3.69 (complex m, 4H), 3.60 (m, 1H), 3.36 (dd, J = 9.2, 2.9, 1H), 2.46-2.32 
(complex m, 3H), 1.94 (dd, J = 12.6, 7.5 Hz, 1H), 1.64 (dd, J = 12.0, 8.0 Hz, 1H), 1.34 
(s, 3H), 1.05 (d, J = 6.9 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 166.7, 145.7, 
127.3, 128.4 (2C), 128.0 (2C), 127.8, 123.4, 94.5, 82.3, 82.1, 80.1, 70.0, 63.8, 51.4, 44.9, 
44.8, 36.0, 27.4, 14.2; HRMS-ESI (m/z): [M+Na]+ calcd for C21H30NaO6, 401.1940; 
found, 401.1934. 
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Methyl (E)-4-{(2S,4S,5R)-5-[(S)-1-{(benzyloxy)methoxy}-2-oxoethyl]-2,4-
dimethyltetrahydrofuran-2-yl}but-2-enoate {(–)-18} 
 
 
 
To a stirred solution of oxalyl chloride (1.96 mL, 22.8 mmol) in DCM (45 mL) was added 
a solution of DMSO (2.43 mL, 34.2 mmol) in DCM (2.5 mL) dropwise over 15 min at –
78 °C under N2 atmosphere. The reaction mixture was stirred for 5 min at –78 °C before 
the addition of a solution of (+)-17 (4.33g, 11.4 mmol) in DCM (9.5 mL) dropwise over 
15 min. After 15 min, Et3N (6.32 mL, 45.6 mmol) was added and the reaction was allowed 
to warm to room temperature. After being stirred for 50 min, the reaction mixture was 
quenched with saturated aq NH4Cl (60 mL). Resulted two layers were separated and the 
aqueous phase was extracted with DCM (50 mL ´ 2). The combined organic layers were 
washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced 
pressure to afford the crude product. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 5/1, 3/1 to 2/1) to afford (–)-18 (4.13 g, 
96%) as a pale yellow oil; Rf = 0.42 (hexanes/EtOAc = 2/1); [a]23D –66.1˚ (c 1.00, 
CHCl3); IR (neat) νmax (cm-1): 3444, 2970, 1720, 1435, 1377, 1273, 1200, 1173, 1026, 
741, 698; 1H NMR (500 MHz, CDCl3) δ (ppm): 9.75 (d, J = 1.7 Hz, 1H), 7.38-7.28 
(complex m, 5H), 6.93 (m, 1H), 5.85 ( app d, J = 15.5, 1H), 4.93 (d, J = 6.9 Hz, 1H), 4.84 
(d, J = 6.9 Hz, 1H), 4.76 (d, J = 12.0 Hz, 1H), 4.67 (d, J = 11.5 Hz, 1H), 4.30 (dd, J = 7.5, 
3.4 Hz, 1H), 3.88 (dd, J = 3.4, 2.3 Hz, 1H), 3.73 (s, 3H), 2.56 (m, 1H), 2.41-2.30 (complex 
m, 2H), 1.94 (dd, J = 12.0, 7.5 Hz, 1H), 1.70 (dd, J = 12.0, 10.3 Hz, 1H), 1.37 (s, 3H), 
1.08 (d, J = 7.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 203.5, 166.7, 145.5, 
137.1, 128.5 (2C), 127.9, 127.7 (2C), 123.5, 95.2, 84.4, 83.0, 81.7, 70.5, 51.4, 44.7, 44.6, 
36.3, 27.0, 14.1; HRMS-ESI (m/z): [M+Na]+ calcd for C21H28NaO6, 399.1784; found, 
399.1780. 
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(3R,4R)-4-(But-3-en-1-yl)-3-propyloxetan-2-one {(+)-21} 
 
 
 
To a stirred solution of freshly prepared Al-salen complex 202 (819 mg, 1.00 mmol) in 
DCM (40.0 mL) was successively added 4-pentenal (19) (990 µmol, 10.0 mmol), valeryl 
bromide (7.44 mL, 60.0 mmol) and freshly distilled DIPEA (4.31 mL, 20.5 mmol) at –70 
˚C under N2 atmosphere. The resulting heterogeneous mixture was stirred for 24 h at –70 
˚C. The reaction mixture was poured into aq 1N HCl (40 mL). Resulted two layers were 
separated and the aqueous phase was extracted with DCM (40 mL ´ 2). The combined 
organic layers were washed with brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to afford the crude product. The residue was purified 
by silica gel flash column chromatography (silica gel, toluene) to afford (+)-21 (1.63 g, 
97%, >99% ee, dr = >20/1) as a colorless oil; Rf = 0.53 (hexanes/EtOAc = 3/1); [a]23D 
+36.7˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2931, 1820, 1458, 1119, 918, 840; 1H 
NMR (500 MHz, CDCl3) δ (ppm): 5.81 (m, 1H), 5.12-5.01 (complex m, 2H), 4.25 (ddd, 
J = 7.7, 5.4, 4.0 Hz, 1H), 3.21 (ddd, J = 8.3, 6.6, 4.0 Hz, 1H), 2.27-2.11 (complex m, 2H), 
1.97 (m, 1H), 1.88-1.77 (complex m, 2H), 1.71 (m, 1H), 1.52-1.37 (complex m, 2H), 0.96 
(t, J = 7.5 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 171.5, 136.6, 116.0, 77.4, 
56.0, 33.7, 29.9, 29.3, 20.3, 13.8; HRMS-APCI (m/z): [M+H]+ calcd for C10H17O2, 
169.1229; found, 169.1226. 
2) Kull, T.; Peters, R. Angew. Chem. Int. Ed. 2008, 47, 5461-5464. 
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(2S,3R)-2-Propylhept-6-ene-1,3-diol (S8) 
 
 
 
To a stirred suspension of LiAlH4 (1.46 g, 38.4 mmol) in Et2O (85.0 mL) was added 
dropwise a solution of (+)-21 (3.08 g, 18.3 mmol) in Et2O (6.5 mL) over 10 min at 0 ˚C 
under N2 atmosphere. After being stirred for 5 min, the reaction mixture was quenched 
carefully by the addition of saturated aq Rochelle’s salt (100 mL). The resultant was 
stirred vigorously for 1 h at ambient temperature. Resulted two layers were separated and 
the aqueous phase was extracted with DCM (80 mL ´ 3). The combined organic layers 
were washed with brine, dried over sodium sulfate, filtered, and concentrated under 
reduced pressure to afford the crude product. This resulting diol S8 was used in the next 
reaction without further purification; Rf = 0.10 (hexanes/EtOAc = 4/1) 
 
 
(5R,6S)-5-(tert-Butyldimethylsilyl)oxy-6-{(tert-Butyldimethylsilyl)oxy}methyl-1-
nonene {(+)-22} 
 
 
 
To a stirred solution of crude S8 (18.3 mmol) in DCM (91.5 mL) was added 2,6-luidine 
(10.7 mL, 91.5 mmol) and tert-butyldimethylsilyl trifluoromethanesulfonate (10.5 mL, 
45.8 mmol) dropwise over 10 min at –78 ˚C under N2 atmosphere. After being stirred at 
–78 ˚C for 5 min, the reaction mixture was quenched with aq 1N HCl (100 mL). Resulted 
two layers were separated and the aqueous phase was extracted with DCM (100 mL ´ 2). 
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The combined organic layers were washed with brine, dried over sodium sulfate, filtered, 
and concentrated under reduced pressure to afford the crude product. The residue was 
purified by silica gel flash column chromatography (silica gel, hexanes) to afford (+)-22 
(6.94 g, 95%) as a colorless oil; Rf = 0.90 (hexanes/EtOAc = 4/1); [a]24D +16.2˚ (c 1.00, 
CHCl3); IR (neat) νmax (cm-1): 2954, 2858, 1462, 1254, 1088, 1068, 833, 771, 663; 1H 
NMR (500 MHz, CDCl3) δ (ppm): 5.82 (m, 1H), 5.01 (ddd, J = 17.2, 3.4, 1.7 Hz, 1H), 
4.93 (app d, J = 10.0 Hz, 1H), 3.85 (ddd, J = 8.0, 4.0, 4.0 Hz, 1H), 3.54 (dd, J = 10.3, 5.2 
Hz, 1H), 3.49 (dd, J = 10.3, 7.5 Hz, 1H), 2.15 (m, 1H), 2.02 (m, 1H), 1.66 (m, 1H), 1.55-
1.23 (complex m, 5H), 1.10 (m, 1H), 0.90-0.86 (complex m, 21H), 0.04 (s, 3H), 0.04 (s, 
3H), 0.03 (s, 3H), 0.03 (s, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 139.3, 114.3, 
72.1, 63.3, 46.2, 32.1, 30.5, 28.7, 26.1(3C), 26.1 (3C), 21.3, 18.4, 18.3, 14.7, –4.2 (2C), 
–5.2, –5.4; HRMS-FAB (m/z): [M+H]+ calcd for C22H49O2Si2, 401.3271; found, 401.3267. 
 
 
(5R,6S)-5-{(tert-Butyldimethylsilyl)oxy}-6-[{(tert-butyldimethylsilyl)oxy}methyl]-
non-1-en-3-ol (23) and (5R,6S)-5-{(tert-Butyldimethylsilyl)oxy}-6-[{(tert-butyldi-
methylsilyl)oxy}methyl]non-1-en-3-one {(+)-24} 
 
 
 
To a stirred suspension of SeO2 (4.93 g, 44.4 mmol) in DCM (65.0 mL) was added a 
solution of tert-butyl hydroperoxide in decane (5.5 M, 24.2 mL, 133 mmol) and salicylic 
acid (613 mg, 4.44 mmol) at 0 ˚C under N2 atmosphere. After being stirred at 0 ˚C for 30 
min, a solution of (+)-22 (5.93 g, 14.8 mmol) in DCM (9.0 mL) was slowly added and 
the mixture was stirred for 58 h at room temperature before the reaction mixture was 
quenched with H2O (100 mL). Resulted two layers were separated and the aqueous phase 
was extracted with DCM (80 mL ´ 3). The combined organic layers were washed with 
H2O (300 mL ´  1), saturated aq. Na2SO3 (300 mL ´  1) and brine, dried over sodium sulfate, 
filtered, and concentrated under reduced pressure to afford the crude product. The residue 
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was purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 50/1, 
30/1, 3/1 to 1/1) to afford 23 (3.62 g, 59%) as an inseparable colorless oil and (+)-24 (1.38 
g, 23%) as a colorless oil; 
 
Inseparable mixture 23 (dr = 1/1) 
Rf = 0.62, 0.66 (hexanes/EtOAc = 4/1); IR (neat) νmax (cm-1): 2954, 2858, 1462, 1254, 
1064, 833, 771, 667; 1H NMR (500 MHz, CDCl3) δ (ppm): 5.86 (m, 1H), 5.26 (dddd, J 
= 17.2, 9.1, 1.7, 1.7 Hz, 1H), 5.07 (m, 1H), 4.33-4.11 (complex m, 2H), 3.58 (dd, J = 11.5, 
4.6 Hz, 3/8H), 3.53 (dd, J = 10.3, 7.5 Hz, 3/8H), 3.37 (dd, J = 10.3, 9.7 Hz, 1/4H), 1.80 
(m, 1H), 1.73-1.20 (complex m, 6H), 1.06 (m, 1H), 0.92-0.86 (complex m, 21H), 0.12 (s, 
3/2H), 0.10 (s, 3/2H), 0.10 (s, 3/2H), 0.08 (s, 3/2H), 0.05 (s, 3H), 0.04 (s, 3/2H), 0.03 (s, 
3/2H); 13C NMR (125 MHz, CDCl3) δ (ppm): 141.8 (1/2C), 140.9 (1/2C), 114.1 (1/2C), 
113.7 (1/2C), 73.0 (1/2C), 72.2 (1/2C), 70.6 (1/2C), 70.1 (1/2C), 63.4 (1/2C), 62.8 (1/2C), 
46.7 (1/2C), 45.9 (1/2C), 39.5 (1/2C), 38.2 (1/2C), 28.6 (1/2C), 27.8 (1/2C), 26.0 (3C), 
26.0 (3C), 21.5 (1/2C), 21.1 (1/2C), 18.3 (1/2C), 18.3 (1/2C), 18.1 (1/2C), 18.1 (1/2C), 
14.7 (1/2C), 14.7 (1/2C), –3.9 (1/2C), –4.3 (1/2C), –4.3 (1/2C), –4.5 (1/2C), –5.3 (1/2C), 
–5.3 (1/2C), –5.4 (1/2C), –5.5 (1/2C); HRMS-ESI (m/z): [M+Na]+ calcd for 
C22H48NaO3Si2, 439.3040; found, 439.3022. 
 
 
(5R,6S)-5-{(tert-Butyldimethylsilyl)oxy}-6-[{(tert-butyldimethylsilyl)oxy}methyl]-
non-1-en-3-one {(+)-24} 
 
 
 
To a stirred solution of 23 (3.68 g, 8.83 mmol) in DCM (88.3 mL) was added Dess-Martin 
periodinane (5.62 g, 13.2 mmol) at 0 ˚C under N2 atmosphere. After being stirred at room 
temperature for 40 min, the reaction mixture was quenched with saturated aq 
Na2S2O3/saturated aq NaHCO3 (100 mL, v/v = 1/1) and vigorously stirred for 1 h. 
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Resulted two layers were separated and the aqueous phase was extracted with DCM (100 
mL ´  2). The combined organic layers were washed with brine, dried over sodium sulfate, 
filtered, and concentrated under reduced pressure to afford the crude product. The residue 
was purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 
50/1) to afford (+)-24 (3.52 g, 96%) as a colorless oil; Rf = 0.76 (hexanes/EtOAc = 4/1); 
[a]24D +38.0˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2954, 2858, 1685, 1072, 833, 775, 
667; 1H NMR (500 MHz, CDCl3) δ (ppm): 6.36 (d, J = 17.8, 10.3 Hz, 1H), 6.21 (dd, J 
= 17.8, 1.2 Hz, 1H), 5.81 (dd, J = 10.9, 1.2 Hz, 1H), 4.46 (ddd, J = 8.0, 4.0, 2.9 Hz, 1H), 
3.57 (dd, J = 10.3, 4.6 Hz, 1H), 3.53 (dd, J = 10.3, 8.0 Hz 1H), 2.76 (dd, J = 15.5, 8.0 Hz, 
1H), 2.71 (dd, J = 15.5, 4.0 Hz, 1H), 1.68 (m, 1H), 1.50-1.24 (complex m, 3H), 1.11 (m, 
1H), 0.94-0.85 (complex m, 12H), 0.84 (s, 9H), 0.04 (s, 6H), 0.03 (s, 3H), –0.05 (s, 3H); 
13C NMR (125 MHz, CDCl3) δ (ppm): 200.2, 137.6, 128.2, 69.9, 63.3, 46.9, 43.7, 28.5, 
26.0 (3C), 26.0 (3C), 21.2, 18.3, 18.2, 14.6, –4.5, –4.5, –5.3, –5.4; HRMS-ESI (m/z): 
[M+Na]+ calcd for C22H46NaO3Si2, 437.2883; found, 437.2872. 
 
 
(5R,6S)-5-{(tert-Butyldimethylsilyl)oxy}-6-[{(tert-butyldimethylsilyl)oxy}methyl]-
nonan-3-one {(+)-25} 
 
 
 
To a stirred solution of (+)-24 (1.98 g, 4.77 mmol) in EtOAc (23.9 mL) was added Pd/C 
(10%, 254 mg, 239 µmol) at room temperature under N2 atmosphere. And then Pd/C was 
activated with H2 under reduced pressure. After being stirred at room temperature for 30 
min, the reaction mixture was filtered through a pad of Celite® and filter cake was washed 
with EtOAc. The filtrate was concentrated under reduced pressure to afford the crude 
product. The residue was purified by silica gel flash column chromatography (silica gel, 
hexanes/EtOAc = 50/1) to afford (+)-25 (1.96 g, 98%) as a colorless oil; Rf = 0.57 
(hexanes/EtOAc = 8/1); [a]24D +38.6˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 2954, 2858, 
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1716, 1462, 1254, 1088, 1045, 833, 775; 1H NMR (500 MHz, CDCl3) δ (ppm): 4.42 
(ddd, J = 7.8, 4.6, 3.4 Hz, 1H), 3.54 (dd, J = 10.3, 5.2 Hz, 1H), 3.49 (dd, J = 10.3, 7.5 Hz, 
1H), 2.57 (dd, J = 15.5, 8.0 Hz, 1H), 2.51 (dd, J = 15.5, 4.0 Hz, 1H), 2.45 (dd, J = 7.5, 
1.7 Hz, 1H), 2.42 (dd, J = 7.5, 1.7 Hz, 1H), 1.64 (m, 1H), 1.47-1.23 (complex m, 3H), 
1.09 (m, 1H), 1.03 (t, J = 7.5 Hz, 3H), 0.93-0.87 (complex m, 12H), 0.85 (s, 9H), 0.05 (s, 
3H), 0.04 (s, 3H), 0.03 (s, 3H), –0.03 (s, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 
210.8, 69.9, 63.2, 46.8, 46.3, 37.7, 28.6, 26.1 (3C), 26.0 (3C), 21.2, 18.3, 18.1, 14.6, 7.6, 
–4.5, –4.6, –5.3, –5.4; HRMS-ESI (m/z): [M+Na]+ calcd for C22H48NaO3Si2, 439.3040; 
found, 439.3037. 
 
 
Methyl (E)-4-[(2S,4S,5R)-5-{(5R,6S,7R,10R,11S)-10-{(tert-butyldimethylsilyl)oxy}-
6-hydroxy-7,14,14,15,15-pentamethyl-8-oxo-1-phenyl-11-propyl-2,4,13-trioxa-14-
silahexadecan-5-yl}-2,4-dimethyltetrahydrofuran-2-yl]but-2-enoate {(+)-26} 
 
 
 
To a stirred solution of lithium bis(trimethylsilyl)amide in toluene (1.0 M, 18.0 mL, 18.0 
mmol) and freshly distilled Et3N (25.0 mL, 180 mmol) in toluene (40.0 mL) was added a 
solution of (+)-25 (2.50 g, 6.00 mmol) in toluene (10.0 mL) dropwise over 10 min at –78 
˚C under N2 atmosphere. After 20 min, a solution of (–)-18 (4.41 g, 11.7 mmol) in toluene 
(10.0 mL) dropwise over 15 min. After being stirred at –78 ˚C for 20 min, the reaction 
mixture was quenched with saturated aq NH4Cl (50 mL). Resulted two layers were 
separated and the aqueous phase was extracted with EtOAc (50 mL ´ 3). The combined 
organic layers were washed with brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to afford the crude product. The residue was purified 
by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 10/1, 5/1 to 3/1) 
to afford (+)-26 (3.23 g, 68%) and (+)-S9 (875 mg, 18%) as a colorless oil; 
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Major product (+)-26 
Rf = 0.74 (hexanes/EtOAc = 2/1); [a]22D +26.5˚ (c 1.00, CH3Cl); IR (neat) νmax (cm-1): 
2954, 2858, 1720, 1458, 1254, 1084, 1022, 833, 775; 1H NMR (500 MHz, CDCl3) δ 
(ppm): 7.38-7.27 (complex m, 5H), 6.92 (ddd, J = 15.5, 8.0, 6.9 Hz, 1H), 5.83 (d, J = 
15.5, 1H), 5.19 (d, J = 6.9 Hz, 1H), 4.86 (d, J = 6.9 Hz, 1H), 4.77 (d, J = 12.0 Hz, 1H), 
4.62 (d, J = 12.0 Hz, 1H), 4.49 (m, 1H), 4.16 (dd, J = 8.6, 4.0 Hz, 1H), 3.78-3.70 (complex 
m, 2H), 3.70 (s, 3H), 3.55-3.50 (complex m, 2H), 2.96-2.88 (complex m, 2H), 2.77 (dd, 
J = 17.2, 4.6 Hz, 1H), 2.71 (dd, J = 17.8, 7.5 Hz, 1H), 2.43 (ddd, J = 13.8, 7.5, 1.2 Hz, 
1H), 2.39-2.24 (complex m, 2H), 2.03 (dd, J = 13.2, 7.5 Hz, 1H), 1.65 (m, 1H), 1.48 (dd, 
J = 12.6, 1.7 Hz, 1H), 1.46-1.27 (complex m, 3H), 1.25 (s, 3H), 1.09 (m, 1H), 1.04 (d, J 
= 6.9 Hz, 3H), 0.97 (d, J = 6.9 Hz, 3H), 0.91 (t, J = 6.9 Hz, 3H), 0.88 (s, 9H), 0.85 (s, 
9H), 0.08 (s, 3H), 0.02 (s, 6H), 0.01 (s, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 
213.3, 166.8, 145.6, 137.9, 128.4 (2C), 127.7 (3C), 123.5, 95.3, 81.5, 81.0, 75.7, 73.7, 
70.5, 68.8, 63.1, 51.4, 50.1, 46.6, 46.3, 46.0, 44.5, 35.6, 28.8, 28.1, 26.0 (6C), 21.1, 18.2, 
18.1, 15.5, 14.6, 12.9, –4.4, –4.8, –5.4, –5.5; HRMS-ESI (m/z): [M+Na]+ calcd for 
C43H76NaO9Si2, 815.4926; found, 815.4934. 
 
Minor product {(+)-S9} 
 
Rf = 0.58 (hexanes/EtOAc = 2/1); [a]22D +40.9˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 
2954, 2858, 1716, 1373, 1254, 1080, 1022, 833, 775; 1H NMR (500 MHz, CDCl3) δ 
(ppm): 7.36-7.27 (complex m, 5H), 6.93 (ddd, J = 15.5, 8.0, 7.5 Hz, 1H), 5.84 (app d, J 
= 16.0, 1H), 4.96 (d, J = 6.9 Hz, 1H), 4.88 (d, J = 6.9 Hz, 1H), 4.75 (d, J = 12.0 Hz, 1H), 
4.60 (d, J = 12.0 Hz, 1H), 4.46 (ddd, J = 9.2, 2.9, 2.9 Hz, 1H), 4.10 (dd, J = 6.9, 5.2 Hz, 
1H), 3.86 (m, 1H), 3.71 (s, 3H), 3.46 (dd, J = 10.3, 5.2 Hz, 1H), 3.42 (dd, J = 7.5, 1.7 Hz, 
1H), 3.22 (dd, J = 10.3, 8.6 Hz, 1H), 2.83 (ddd, J = 15.2, 7.5, 6.9 Hz, 1H), 2.61 (dd, J = 
17.2, 9.2 Hz, 1H), 2.43-2.26 (complex m, 4H), 1.99 (dd, J = 12.6, 7.5 Hz, 1H), 1.61 (m, 
1H), 1.53 (m, 1H), 1.40-1.18 (complex m, 4H), 1.27 (s, 3H), 1.16 (d, J = 6.9 Hz, 3H), 
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1.01 (d, J = 6.9 Hz, 3H), 0.92-0.85 (complex m, 12H), 0.82 (s, 9H), 0.05 (s, 3H), 0.00 (s, 
3H), –0.00 (s, 3H), –0.05 (s, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 211.5, 166.8, 
145.8, 137.7, 128.5 (2C), 127.9, 127.8 (2C), 123.5, 96.1, 81.8, 81.3, 79.8, 72.2, 70.8, 67.6, 
63.3, 51.5, 49.9, 46.8, 45.8, 45.7, 44.8, 35.8, 28.0, 27.9, 26.0 (3C), 26.0 (3C), 21.3, 18.2, 
18.0, 14.8, 14.6, 12.9, –4.5, –4.7, –5.4, –5.5; HRMS-ESI (m/z): [M+Na]+ calcd for 
C43H76NaO9Si2, 815.4926; found, 815.4929. 
 
 
Methyl (E)-4-{(2S,4S,5R)-5-[(5R,6S,7S,8R,10R,11S)-10-{(tert-butyldimethylsilyl)-
oxy}-6,8-dihydroxy-7,14,14,15,15-pentamethyl-1-phenyl-11-propyl-2,4,13-trioxa-
14-silahexadecan-5-yl]-2,4-dimethyltetrahydrofuran-2-yl}but-2-enoate {(+)-27} 
 
 
 
To a stirred solution of Me4NBH(OAc)3 in MeCN/AcOH (1.64 mL, v/v =1/1) was slowly 
added a solution of (+)-26 (131 mg, 164 µmol) in MeCN/AcOH (547 µL, v/v =1/1) at –
20 ˚C under N2 atmosphere. After being stirred at –20 ˚C for 64 h, the reaction mixture 
was diluted with DCM (5.0 mL) and quenched carefully with saturated aq NaHCO3 (20 
mL). Resulted two layers were separated and the aqueous phase was extracted with DCM 
(20 mL ´ 2). The combined organic layers were washed with brine, dried over sodium 
sulfate, filtered, and concentrated under reduced pressure to afford the crude product. The 
residue was purified by silica gel flash column chromatography (silica gel, 
hexanes/EtOAc = 10/1, 6/1 to 3/1) to afford (+)-27 (120 mg, 92%, dr = >20:1) as a 
colorless oil; Rf = 0.54 (hexanes/EtOAc = 3/1); [a]22D +31.2˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 3649, 2954, 2858, 1724, 1458, 1254, 1088, 1022, 833, 775; 1H NMR (500 
MHz, CDCl3) δ (ppm): 7.36-7.26 (complex m, 5H), 6.93 (ddd, J = 15.5, 8.0, 6.9 Hz, 
1H), 5.84 (d, J = 15.5, 1H), 5.17 (d, J = 6.9 Hz, 1H), 4.87 (d, J = 7.5 Hz, 1H), 4.76 (d, J 
= 12.0 Hz, 1H), 4.60 (d, J = 12.0 Hz, 1H), 4.17 (dd, J = 8.0, 4.6 Hz, 1H), 4.14-4.06 
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(complex m, 2H), 3.76 (dd, J = 8.0, 1.2, 1H), 3.70 (s, 3H), 3.64-3.54 (complex m, 3H), 
2.44 (ddd, J = 13.8, 6.9, 1.2 Hz, 1H), 2.36 (m, 1H), 2.29 (dd, J = 13.8, 8.0 Hz, 1H), 2.03 
(dd, J = 12.6, 8.0 Hz, 1H), 1.96 (m, 1H), 1.80 (m, 1H), 1.74 (m, 1H), 1.50 (dd, J = 12.6, 
2.3 Hz, 1H), 1.46 (m, 1H), 1.41-1.32 (complex m, 2H), 1.27 (m, 1H), 1.26 (s, 3H), 1.13 
(m, 1H), 0.98 (d, J = 6.9 Hz, 3H), 0.93-0.82 (complex m, 24H), 0.09 (s, 3H), 0.07 (s, 3H), 
0.05 (s, 6H); 13C NMR (125 MHz, CDCl3) δ (ppm): 166.9, 145.8, 138.0, 128.5 (2C), 
127.8 (2C), 127.7, 123.5, 95.4, 81.8, 81.1, 77.3, 74.3, 71.1, 70.2, 69.8, 62.8, 51.5, 46.0, 
45.7, 44.6, 40.1, 36.3, 35.8, 29.0, 28.1, 26.0 (3C), 26.0 (3C), 21.0, 18.3, 18.1, 15.4, 14.6, 
11.3, –4.3, –4.5, –5.3, –5.4; HRMS-ESI (m/z): [M+Na]+ calcd for C43H78NaO9Si2, 
817.5082; found, 817.5078. 
 
 
Methyl (E)-4-{(2S,4S,5R)-5-[(5S,6S,7S,8R,10R,11S)-10-{(tert-butyldimethylsilyl)-
oxy}-6,8-bis{(2-methoxyethoxy)methoxy}-7,14,14,15,15-pentamethyl-1-phenyl-11-
propyl-2,4,13-trioxa-14-silahexadecan-5-yl]-2,4-dimethyltetrahydrofuran-2-yl}but-
2-enoate {(+)-28} 
 
 
 
To a stirred solution of (+)-27 (254 mg, 319 µmol) in DCM (3.19 mL) was added DIPEA 
(5.50 mL, 31.9 mmol) and chloromethyl methyl ether (1.44 mL, 12.8 mmol) at 0 ˚ C under 
N2 atmosphere. After being stirred at room temperature for 34 h, the reaction mixture was 
quenched with aq 1N HCl (10 mL). Resulted two layers were separated and the aqueous 
phase was extracted with DCM (20 mL ´ 2). The combined organic layers were washed 
with brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure 
to afford the crude product. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 15/1, 10/1, 8/1 to 5/1) to afford (+)-28 (259 
mg, 83%) as a colorless oil; Rf = 0.48 (hexanes/EtOAc = 3/1); [a]24D +27.5˚ (c 1.00, 
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CHCl3); IR (neat) νmax (cm-1): 2927, 2858, 1728, 1458, 1254, 1088, 1022, 833, 775; 1H 
NMR (500 MHz, CDCl3) δ (ppm): 7.35-7.31 (complex m, 4H), 7.27 (m, 1H), 6.94 (ddd, 
J = 15.5, 8.0, 6.9 Hz, 1H), 5.84 (app d, J = 15.5,1H), 5.24 (d, J = 7.5 Hz, 1H), 4.92 (d, J 
= 7.5 Hz, 1H), 4.85 (d, J = 7.5 Hz, 1H), 4.84 (d, J = 7.5 Hz, 1H), 4.78-4.72 (complex m, 
3H), 4.56 (d, J = 12.0, 1H), 4.17 (dd, J = 8.0, 4.6 Hz, 1H), 3.96-3.82 (complex m, 4H), 
3.70 (s, 3H), 3.69-3.55 (complex m, 5H), 3.54-3.48 (complex m, 5H), 3.36 (s, 6H), 2.49 
(m, 1H), 2.43 (ddd, J = 13.8, 6.9, 1.7 Hz, 1H), 2.30 (dd, J = 14.9, 8.0 Hz, 1H), 2.04 (dd, 
J = 12.6, 7.5 Hz, 1H), 1.99 (m, 1H), 1.91 (ddd, J = 14.0, 6.9, 5.8 Hz, 1H), 1.65 (m, 1H), 
1.51-1.44 (complex m, 2H), 1.41-1.24 (complex m, 3H), 1.25 (s, 3H), 1.17 (m, 1H), 0.98 
(d, J = 7.5 Hz, 3H), 0.96 (d, J = 7.5 Hz, 3H), 0.92-0.84 (complex m, 21H), 0.05 (s, 3H), 
0.04 (s, 3H), 0.03 (s, 3H), 0.02 (s, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 166.9, 
146.0, 138.4, 128.4 (2C), 127.7 (2C), 127.5, 123.4, 98.3, 95.8, 95.7, 82.0, 81.9, 80.8, 76.3, 
76.2, 71.9, 71.8, 70.4, 70.2, 68.2, 67.4, 63.1, 59.1 (2C), 51.4, 46.0 (2C), 44.8, 39.9, 37.5, 
35.4, 29.1, 28.2, 26.1 (6C), 21.2, 18.4, 18.1, 15.5, 14.7, 10.0, –4.1, –4.2, –5.3, –5.3 ; 
HRMS-ESI (m/z): [M+Na]+ calcd for C51H94NaO13Si2, 993.6131; found, 993.6117. 
 
 
Methyl 4-{(2S,4S,5R)-5-[(5S,6S,7S,8R,10R,11S)-10-{(tert-butyldimethylsilyl)oxy}-
6,8-bis{(2-methoxyethoxy)methoxy}-7,14,14,15,15-pentamethyl-1-phenyl-11-
propyl-2,4,13-trioxa-14-silahexadecan-5-yl]-2,4-dimethyltetrahydrofuran-2-
yl}butanoate (S10) 
 
 
 
To a stirred solution of (+)-28 (2.17 g, 2.23 mmol) in EtOAc (22.3 mL) was added Pd/C 
(10%, 237 mg, 223 µmol) at room temperature under N2 atmosphere. And then Pd/C was 
activated with H2 under reduced pressure. After being stirred at room temperature for 30 
min, the reaction mixture was filtered through a pad of Celite® and filter cake was washed 
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with EtOAc. The filtrate was concentrated under reduced pressure to afford the crude 
product. This resulting saturated ester S10 was used in the next reaction without further 
purification; Rf = 0.38 (hexanes/EtOAc = 5/1, 2 cycles)  
 
 
Methyl 4-{(2S,4S,5R)-5-[(5S,6S,7S,8R,10R,11S)-10-{(tert-butyldimethylsilyl)oxy}-
6,8-bis{(2-methoxyethoxy)methoxy}-7,14,14,15,15-pentamethyl-1-phenyl-11-
propyl-2,4,13-trioxa-14-silahexadecan-5-yl]-2,4-dimethyltetrahydrofuran-2-
yl}butanoate {(+)-29} 
 
 
 
A stirred mixture of crude S10 (2.23 mmol) in a solution of TBAF in THF (1.0 M, 11.2 
mL, 11.2 mmol) was heated to reflux. After being stirred for 30 min at reflux, the mixture 
was cooled to room temperature and quenched with saturated aq NH4Cl (30 mL). 
Resulted two layers were separated and the aqueous phase was extracted with DCM (30 
mL ´  4). The combined organic layers were washed with brine, dried over sodium sulfate, 
filtered, and concentrated under reduced pressure to afford the crude product. The residue 
was purified by silica gel flash column chromatography (silica gel, hexanes/EtOAc = 1/2, 
1/5 to 0/1) to afford (+)-29 (1.31 g, 79%) as a colorless oil; Rf = 0.13 (hexanes/EtOAc = 
1/2); [a]23D +52.9˚ (c 1.00, CHCl3); IR (neat) νmax (cm-1): 3401, 2951, 2873, 1736, 1454, 
1377, 1099, 1018, 737, 698; 1H NMR (500 MHz, CDCl3) δ (ppm): 7.34 (s, 2H), 7.33 (s, 
2H), 7.28 (m, 1H), 5.19 (d, J = 7.5 Hz, 1H), 4.95 (d, J = 7.5 Hz, 1H), 4.89 (d, J = 6.9 Hz, 
1H), 4.85 (d, J = 6.9 Hz, 1H), 4.80 (d, J = 7.5 Hz, 1H), 4.76 (d, J = 6.3 Hz, 1H), 4.73 (d, 
J = 12.0 Hz, 1H), 4.57 (d, J = 12.0 Hz, 1H), 4.24 (ddd, J = 9.7, 2.3, 2.3 Hz, 1H), 3.97 (dd, 
J = 8.0, 4.6 Hz, 1H), 3.89-3.76 (complex m, 5H), 3.71 (m, 1H), 3.65 (s, 3H), 3.63 (m, 
1H), 3.60 (m, 1H), 3.59-3.52 (complex m, 5H), 3.38 (s, 3H), 3.38 (s, 3H), 2.38-2.22 
(complex m, 3H), 2.04 (ddd, J = 9.2, 6.9, 1.7 Hz, 1H), 1.97 (dd, J = 12.6, 8.0 Hz, 1H), 
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1.82 (ddd, J = 14.3, 9.7, 2.3 Hz, 1H), 1.73-1.58 (complex m, 2H), 1.58-1.46 (complex m, 
3H), 1.46-1.37 (complex m, 3H), 1.37-1.26 (complex m, 3H), 1.25 (s, 3H), 0.98 (d, J = 
6.9 Hz, 3H), 0.98 (d, J = 6.9 Hz, 3H), 0.92 (t, J = 6.9 Hz, 3H); 13C NMR (125 MHz, 
CDCl3) δ (ppm): 174.1, 138.1, 128.3 (2C), 127.7 (2C), 127.5, 97.0, 96.5, 95.9, 81.7, 81.3, 
81.3, 77.2, 76.0, 72.1, 71.8, 71.7, 70.4, 68.1, 67.4, 64.3, 59.0 (2C), 51.4, 46.4, 45.0, 41.1, 
40.5, 40.0, 35.7, 34.4, 31.0, 27.3, 20.5, 20.2, 15.4, 14.4, 10.6; HRMS-ESI (m/z): 
[M+Na]+ calcd for C39H68NaO13, 767.4558; found, 767.4554. 
 
 
Methyl 4-{(2S,4S,5R)-5-[(5S,6S,7S,8R,10R,11S)-10-hydroxy-14,14-diisopropyl-6,8-
bis{(2-methoxyethoxy)methoxy}-7,15-dimethyl-1-phenyl-11-propyl-2,4,13-trioxa-
14-silahexadecan-5-yl]-2,4-dimethyltetrahydrofuran-2-yl}butanoate {(+)-30} 
 
 
 
To a stirred solution of (+)-29 (1.20 g, 1.61 mmol) in DCM (16.1 mL) was added 
imidazole (658 mg, 9.66 mmol) and triisopropylsilyl chloride (1.02 mL, 4.83 mmol) at 0 
˚C under N2 atmosphere. After being stirred at room temperature for 4 h, the reaction 
mixture was quenched with aq 1N HCl (20 mL). Resulted two layers were separated and 
the aqueous phase was extracted with DCM (20 mL ´ 2). The combined organic layers 
were washed with brine, dried over sodium sulfate, filtered, and concentrated under 
reduced pressure to afford the crude product. The residue was purified by silica gel flash 
column chromatography (silica gel, hexanes/EtOAc = 5/1, 3/1, 2/1 to 1/1) to afford (+)-
30 (1.39 g, 96%) as a colorless oil; Rf = 0.45 (hexanes/EtOAc = 1/1); [a]23D +44.4˚ (c 
1.00, CHCl3); IR (neat) νmax (cm-1): 3737, 2943, 2866, 1739, 1458, 1377, 1095, 1022, 
752, 683; 1H NMR (500 MHz, CDCl3) δ (ppm): 7.35-7.24 (complex m, 5H), 5.26 (d, J 
= 6.9 Hz, 1H), 4.94 (d, J = 6.9 Hz, 1H), 4.87-4.83 (complex m, 4H), 4.75 (d, J = 12.0 Hz, 
1H), 4.55 (d, J = 12.0 Hz, 1H), 4.16 (ddd, J = 8.6, 4.6, 1.2 Hz, 1H), 4.02 (dd, J = 8.0, 4.6 
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Hz, 1H), 3.99 (dd, J = 10.3, 3.4 Hz, 1H), 3.85 (dd, J = 8.6, 1.2 Hz, 1H), 3.80-3.74 
(complex m, 4H), 3.73-3.66 (complex m, 2H), 3.65 (s, 3H), 3.59-3.49 (complex m, 6H), 
3.37 (s, 3H), 3.36 (s, 3H), 2.43-2.21 (complex m, 3H), 2.12 (m, 1H), 1.97 (dd, J = 12.6, 
7.5 Hz, 1H), 1.88 (ddd, J = 14.2, 8.6, 2.3 Hz, 1H), 1.73-1.28 (complex m, 10H), 1.24 (s, 
3H), 1.14-1.01 (complex m, 21H), 0.98 (d, J = 5.7 Hz, 3H), 0.97 (d, J = 5.7 Hz, 3H), 0.91 
(t, J = 6.9 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 174.1, 138.4, 128.3 (2C), 
127.8 (2C), 127.5, 97.7, 96.5, 95.7, 82.0, 81.6, 81.0, 76.6, 76.5, 71.8, 71.8, 71.1, 70.3, 
68.1, 67.3, 65.1, 59.0 (2C), 51.4, 46.6, 45.1, 41.2, 40.4, 39.8, 35.5, 34.4, 30.9, 27.5, 20.7, 
20.2, 18.0 (6C), 15.6, 14.4, 11.8 (3C), 10.2; HRMS-ESI (m/z): [M+Na]+ calcd for 
C48H88NaO13Si, 923.5892; found, 923.5906. 
 
 
4-{(2S,4S,5R)-5-[(5S,6S,7S,8R,10R,11S)-10-Hydroxy-14,14-diisopropyl-6,8-bis{(2-
methoxyethoxy)methoxy}-7,15-dimethyl-1-phenyl-11-propyl-2,4,13-trioxa-14-
silahexadecan-5-yl]-2,4-dimethyltetrahydrofuran-2-yl}butanoic acid (S11) 
 
 
 
 To a stirred solution of (+)-30 (1.28 g, 1.42 mmol) in THF/MeOH (18.9 mL, v/v = 3/1) 
was added aq 0.5N NaOH (9.47 mL) at 0 ˚C. After being stirred at ambient temperature 
for 2.5 h, the reaction mixture was diluted with DCM (40 mL) and acidified with aq 1 N 
HCl. Resulted two layers were separated and the aqueous phase was extracted with DCM 
(30 mL ´ 3). The combined organic layers were washed with brine, dried over sodium 
sulfate, filtered, and concentrated under reduced pressure to afford the crude product. This 
resulting seco-acid S11 was used in the next reaction without further purification; Rf = 
0.13 (hexanes/EtOAc = 1/1). 
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(1S,7R,9R,10S,11S,12S,13R,14S)-12-{(Benzyloxy)methoxy}-9,11-bis{(2-methoxy-
ethoxy)methoxy}-1,10,14-trimethyl-7-[(S)-1-{(triisopropylsilyl)oxy}pentan-2-yl]-
6,16-dioxabicyclo[11.2.1]hexadecan-5-one {(+)-31} 
 
 
 
To a stirred solution of 2-methyl-6-nitrobenzoic anhydride (1.47 g, 1.42 mmol) and 4-
dimethylaminopyridine (1.04 g, 8.52 mmol) in DCM (1.42 L) was added a solution of 
crude S11 in DCM (28.4 mL) over 4 h via syringe pump at room temperature under N2 
atmosphere. After being stirred at ambient temperature for 1 h, the reaction mixture was 
concentrated in vacuo. The reaction was quenched with saturated aq NaHCO3 (100 mL). 
Resulted two layers were separated and the aqueous phase was extracted with DCM (100 
mL ´ 3). The combined organic layers were washed with aq 1N HCl (400 mL ´ 1) and 
brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure to 
afford the crude product. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 6/1 to 5/1) to afford (+)-31 (1.10 g, 89%) 
as a colorless oil; Rf = 0.50 (hexanes/EtOAc = 2/1); [a]22D +61.6˚ (c 1.00, CHCl3); IR 
(neat) νmax (cm-1): 3734, 2939, 2866, 1732, 1458, 1377, 1250, 1103, 1018, 883, 790, 737, 
683; 1H NMR (500 MHz, CDCl3) δ (ppm): 7.36-7.29 (complex m, 4H), 7.25 (m, 1H), 
4.99 (m, 1H), 4.96 (J = 6.9 Hz, 1H), 4.89 (d, J = 6.9 Hz, 1H), 4.81 (d, J = 12.0 Hz, 1H), 
4.76 (d, J = 12.0 Hz, 1H), 4.73 (d, J = 6.9 Hz, 1H), 4.60 (d, J = 6.9 Hz, 1H), 4.55 (d, J = 
6.9 Hz, 1H), 4.54 (d, J = 12.0 Hz, 1H), 4.12 (d, J = 2.9 Hz, 1H), 3.89 (d, J = 4.6 Hz, 1H), 
3.87 (m, 1H), 3.75 (dd, J =10.3, 3.4 Hz, 1H), 3.72 (m, 1H), 3.67-3.58 (complex m, 3H), 
3.53-3.38 (complex m, 6H), 3.35 (s, 3H), 3.34 (s, 3H), 2.58 (m, 1H), 2.13 (m, 1H), 2.06 
(m, 1H), 1.99-1.93 (complex m, 3H), 1.90 (dd, J = 12.6, 8.0, 1H), 1.86-1.68 (complex m, 
3H), 1.59 (m, 1H), 1.44 (dd, J = 12.6, 1.2 Hz, 1H), 1.37-1.26 (complex m, 4H), 1.29 (s, 
3H), 1.17 (d, J = 6.9 Hz, 3H), 1.10-1.01 (complex m, 25H), 0.87 (t, J = 6.9 Hz, 3H); 13C 
NMR (125 MHz, CDCl3) δ (ppm): 173.2. 178.3. 128.3 (2C), 127.5 (2C), 127.4, 97.4, 
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97.0, 96.2, 82.0, 80.5, 80.0, 80.0, 75.3, 73.2, 71.8, 71.7, 70.3, 67.4, 67.1, 64.1, 59.1, 59.0, 
47.9, 45.1, 38.4, 38.3, 38.1, 34.5, 30.8, 28.4, 26.4, 21.2, 20.6, 18.1 (6C), 16.8, 14.6, 12.0 
(3C), 8.69; HRMS-ESI (m/z): [M+Na]+ calcd for C47H84NaO12Si, 891.5630; found, 
891.5625. 
 
 
(1S,7R,9R,10S,11S,12S,13R,14S)-12-{(Benzyloxy)methoxy}-7-{(S)-1-
hydroxypentan-2-yl}-9,11-bis{(2-methoxyethoxy)methoxy}-1,10,14-trimethyl-6,16-
dioxabicyclo[11.2.1]hexadecan-5-one {(+)-32} 
 
 
 
A mixture of (+)-31 (1.00 g, 1.15 mmol) in a solution of TBAF in THF (1.0 M, 3.45 mL, 
3.45 mmol) was stirred at room temperature for 30 min. The reaction mixture was 
quenched with saturated aq NH4Cl (10 mL). Resulted two layers were separated and the 
aqueous phase was extracted with DCM (10 mL ´ 3). The combined organic layers were 
washed with brine, dried over sodium sulfate, filtered, and concentrated under reduced 
pressure to afford the crude product. The residue was purified by silica gel flash column 
chromatography (silica gel, hexanes/EtOAc = 3/1, 2/1, 1/1 to 0/1) to afford (+)-32 (755 
mg, 92%) as a colorless oil; Rf = 0.17 (hexanes/EtOAc = 1/1); [a]23D +83.0˚ (c 1.00, 
CHCl3); IR (neat) νmax (cm-1): 33749, 2935, 2823, 1724, 1454, 1377, 1246, 1103, 1018, 
748; 1H NMR (500 MHz, CDCl3) δ (ppm): 7.37-7.29 (complex m, 4H), 7.26 (m, 1H), 
4.95 (d, J = 6.9 Hz, 1H), 4.88 (d, J = 6.9 Hz, 1H), 4.81 (d, J = 12.0 Hz, 1H), 4.79 (d, J = 
12.0 Hz, 1H), 4.77 (d, J = 6.9 Hz, 1H), 4.74 (d, J = 6.9 Hz, 1H), 4.65 (d, J = 6.9 Hz, 1H), 
4.57 (d, J = 12.0 Hz, 1H), 4.54 (d, J = 12.0 Hz, 1H), 4.08 (d, J = 3.4 Hz, 1H), 3.91 (d, J 
= 4.6 Hz, 1H), 3.89 (m, 1H), 3.75 (dd, J =10.3, 3.4 Hz, 1H), 3.73-3.67 (complex m, 2H), 
3.60-3.44 (complex m, 8H), 3.36 (s, 6H), 2.67 (m, 1H), 2.20-2.06 (complex m, 4H), 2.00 
(m, 1H), 1.89 (dd, J = 12.6, 8.0 Hz, 1H), 1.86-1.73 (complex m, 3H), 1.69 (m, 1H), 1.49-
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1.25 (complex m, 6H), 1.30 (s, 3H), 1.18 (d, J = 6.9 Hz, 3H), 1.06 (d, J = 6.9 Hz, 3H), 
0.91 (t, J = 6.9 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 174.3, 138.2, 128.3 (2C), 
127.5 (2C), 127.5, 97.3, 96.9, 96.5, 81.9, 80.7, 80.0, 79.8, 75.5, 73.7, 71.9, 71.7, 70.3, 
67.5, 67.0, 61.7, 59.0, 59.0, 48.1, 45.2, 38.1 (2C), 38.1, 33.8, 32.4, 28.6, 26.4, 20.9, 20.4, 
16.8, 14.4, 8.80; HRMS-ESI (m/z): [M+Na]+ calcd for C38H64NaO12, 735.4295; found, 
735.4287. 
 
 
(R)-2-[(1S,7R,9R,10S,11S,12S,13R,14S)-12-{(Benzyloxy)methoxy}-9,11-bis{(2-
methoxyethoxy)methoxy}-1,10,14-trimethyl-5-oxo-6,16-dioxabicyclo[11.2.1] 
hexadecan-7-yl]pentanal (S12) 
 
 
 
To a stirred solution of (+)-32 (97.5 mg, 137 µmol) in DCM (1.37 mL) was added PhI(OAc)2 
(66.2 mg, 206 µmol) and 2,2,6,6-tetramethylpiperidine 1-oxyl (2.1 mg, 13.7 µmol) at room 
temperature under N2 atmosphere. After being stirred for 1 h, PhI(OAc)2 (66.2 mg, 206 µmol) 
and TEMPO (2.1 mg, 13.7 µmol) were added further. After 1 h, the mixture was diluted with 
DCM (5.0 mL) and quenched with saturated aq NaHCO3/saturated aq Na2S2O3 (10 mL, v/v 
= 1/1) and vigorously stirred until phases became clear. Resulted two layers were separated 
and the aqueous phase was extracted with DCM (10 mL ´ 3). The combined organic 
layers were washed with brine, dried over sodium sulfate, filtered, and concentrated under 
reduced pressure to afford the crude product. This resulting aldehyde S12 was used in the 
next reaction without further purification; Rf = 0.47 (hexanes/EtOAc = 1/1). 
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(R)-2-[(1S,7R,9R,10S,11S,12S,13R,14S)-12-{(Benzyloxy)methoxy}-9,11-bis{(2-
methoxyethoxy)methoxy}-1,10,14-trimethyl-5-oxo-6,16-dioxabicyclo[11.2.1] 
hexadecan-7-yl]pentanoic acid (S13) 
 
 
 
To a stirred solution of crude S12 in THF/t-BuOH (2.74 mL, v/v = 1/1) was added 2-methyl-
2-butene (582 µL, 5.48 mmol) and a solution of NaH2PO4•2H2O (427 mg, 2.74 mmol) in H2O 
(1.37 mL) at 0 ˚C. Subsequently, the reaction was added a solution of NaClO2 (79%, 157 mg, 
1.37 mmol) in H2O (1.37 mL) slowly. After being stirred at 0 ˚C for 45 min, the reaction 
mixture was diluted with DCM (5.0 mL) and two layers were separated. The aqueous phase 
was extracted with DCM (10 mL ´ 3). The combined organic layers were washed with 
brine, dried over sodium sulfate, filtered, and concentrated under reduced pressure to 
afford the crude product. This resulting carboxylic acid S13 was used in the next reaction 
without further purification; Rf = 0.13 (hexanes/EtOAc = 1/1). 
 
 
Methyl (R)-2-[(1S,7R,9R,10S,11S,12S,13R,14S)-12-{(benzyloxy)methoxy}-9,11-
bis{(2-methoxyethoxy)methoxy}-1,10,14-trimethyl-5-oxo-6,16-dioxabicyclo[11.2.1] 
hexadecan-7-yl]pentanoate {(+)-33} 
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To a stirred solution of crude S13 in benzene/MeOH (2.74 mL, v/v = 10/1) was slowly added 
a solution of TMSCHN2 in Et2O (2.0 M, 137 µL, 274 µmol) at 0 ˚C under N2 atmosphere. 
After being stirred for 5 min at 0 ˚C, the reaction mixture was concentrated under reduced 
pressure to afford the crude product. The residue was purified by thin layer 
chromatography (silica gel, hexanes/EtOAc = 1/1) to afford (+)-33 (99.1 mg, 98%, 3 
steps) as a colorless oil; Rf = 0.63 (hexanes/EtOAc = 1/1); [a]23D +67.6˚ (c 1.00, CHCl3); 
IR (neat) νmax (cm-1): 2940, 2873, 1732, 1454, 1377, 1250, 1103, 1018, 748; 1H NMR 
(500 MHz, CDCl3) δ (ppm): 7.36-7.29 (complex m, 4H), 7.25 (m, 1H), 4.97 (m, 1H), 
4.95 (d, J = 6.9 Hz, 1H), 4.88 (d, J = 6.9 Hz, 1H), 4.80 (d, J = 12.0 Hz, 1H), 4.76 (d, J = 
6.9 Hz, 1H), 4.75 (d, J = 6.9 Hz, 1H), 4.60 (d, J = 6.9 Hz, 1H), 4.55 (d, J = 6.9 Hz, 1H), 
4.54 (d, J = 12.0 Hz, 1H), 4.11 (d, J = 3.4 Hz, 1H), 3.88 (d, J = 4.6 Hz, 1H), 3.87 (m, 1H), 
3.76-3.69 (complex m, 2H), 3.68 (s, 3H), 3.63 (ddd, J = 10.3, 4.6, 3.4, 1H), 3.57-3.45 
(complex m, 6H), 3.36, (s, 3H), 3.36 (s, 3H), 2.76 (ddd, J = 9.7,4.0,4.0 Hz, 1H), 2.62 (m, 
1H), 2.19-1.95 (complex m, 4H), 1.88 (dd, J = 12.6, 8.0 Hz, 1H), 1.85-1.64 (complex m, 
4H), 1.58 (m, 1H), 1.48-1.19 (complex m, 5H), 1.29 (s, 3H), 1.16 (d, J = 6.9 Hz, 3H), 
1.05 (d, J = 6.9 Hz, 3H), 0.89 (t, J = 6.9 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 
173.2. 173.1. 138.2. 128.3 (2C), 127.5 (2C), 127.4, 97.4, 97.0, 96.2, 81.9, 80.6, 80.0, 79.1, 
75.4, 72.0, 71.7, 71.7, 70.3, 67.4, 67.1, 59.0, 59.0, 51.7, 49.5, 48.0, 38.3, 38.2, 38.1, 34.1, 
32.3, 28.2, 26.4, 21.3, 20.4, 16.7, 14.1, 8.7; HRMS-ESI (m/z): [M+Na]+ calcd for 
C39H64NaO13, 763.4245; found, 763.4229. 
 
 
(4S,6S,7R,8S,9S,10S,11R,13R,17R)-8-{(Benzyloxy)methoxy}-16-hydroxy-9,11-
bis{(2-methoxyethoxy)methoxy}-4,6,10-trimethyl-17-propyl-14,18-dioxatricyclo 
[11.2.2.14,7]octadec-1(16)-en-15-one (S14) 
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To a stirred solution of (+)-33 (145 mg, 196 µmol) in THF (9.80 mL) was added a solution 
of LiHMDS in toluene (1.0 M, 980 µL, 980 µmol) at reflux temperature under N2 
atmosphere. After being stirred at reflux for 5 min, the reaction mixture was cooled to 
room temperature and then quenched with saturated aq NH4Cl (10 mL). Resulted two 
layers were separated and the aqueous phase was extracted with EtOAc (10 mL ´ 3). The 
combined organic layers were washed with brine, dried over sodium sulfate, filtered, and 
concentrated under reduced pressure to afford the crude product. This resulting 
Dieckmann compound S14 was used in the next reaction without further purification; Rf 
= 0.10 (hexanes/EtOAc = 1/1). 
 
 
Dihydro mangromicin A {(+)-34} 
 
 
 
To a stirred solution of crude S14 in DCM (19.6 mL) was added 1,3-propanedithiol (589 µL, 
5.88 mmol) and BF3•OEt2 (484 µL, 3.92 mmol) at 0 ˚C under N2 atmosphere. After being 
stirred for 4 h at 0 ˚C, the reaction mixture was quenched with saturated aq NaHCO3 (30 
mL). Resulted two layers were separate and the organic phase was washed with saturated 
aq NaHCO3 (30 mL ´ 2). The combined aqueous layers were acidified with aq 1N HCl 
and this aqueous phase was extracted with EtOAc (50 mL ´ 5). The combined organic 
layers were washed with brine, dried over sodium sulfate, filtered, and concentrated under 
reduced pressure to afford the crude product. The residue was purified by thin layer 
chromatography (silica gel, EtOAc) to afford (+)-34 (61.5 mg, 76%) as a colorless solid; 
Rf = 0.31 (EtOAc only); [a]23D +78.9˚ (c 1.00, MeOH); mp; 179.8-180.7 ˚C; IR (neat) νmax (cm-1):3398, 2962, 2939, 1639, 1381, 1227, 1107, 1014, 764; 1H NMR (500 MHz, 
CDCl3) δ (ppm): 4.61 (dd, J = 12.0, 2.9 Hz, 1H), 3.70 (dd, J = 9.2, 2.3 Hz, 1H), 3.63-
3.56 (complex m, 2H), 3.35 (d, J = 4.6 Hz, 1H), 3.34 (d, J = 4.6 Hz, 1H), 3.17 (dd, J = 
1,3-propanedithiol
BF3•OEt2
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76% (2 steps)
O OO
HO
HO
HO
OH
O OO
MEMO
MEMO
OBOM
HO
S14 (+)-
 S34 
12.6, 12.6 Hz, 1H), 2.87 (ddd, J = 13.8, 13.8, 3.4 Hz, 1H), 2.59 (m, 1H), 2.42 (ddd, J = 
13.8, 13.8, 3.4 Hz, 1H), 2.13 (dd, J = 6.9, 6.9 Hz, 1H), 2.06 (ddd, J = 14.3, 4.0, 3.4 Hz, 
1H), 1.83-1.71 (complex m, 2H), 1.65-1.58 (complex m, 3H), 1.53 (m, 1H), 1.40 (m, 1H), 
1.32 (s, 3H), 1.28 (ddd, J = 14.3, 3.4, 3.4 Hz, 1H), 1.11 (d, J = 6.9 Hz, 3H), 1.04 (d, J = 
6.9 Hz, 3H), 0.96 (t, J = 6.9 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ (ppm): 170.1, 
167.8, 103.6, 84.6, 80.5, 75.3, 73.2, 73.1, 71.3, 49.2, 47.9, 44.4, 38.6, 37.6, 37.4, 34.9, 
24.5, 21.3, 19.4, 14.4, 13.6, 11.6; HRMS-ESI (m/z): [M+Na]+ calcd for C22H36NaO7, 
435.2359; found, 435.2349. 
 
 
Methyl boronic ester dihydro mangromicin (S15) 
 
 
 
To a stirred solution of (+)-34 (27.3 mg, 66.2 µmol) in THF (6.62 mL) was added 
trimethylboroxine (3.2 µL, 23.1 µmol) at room temperature under N2 atmosphere. After 
being stirred at room temperature for 10 min, the reaction mixture was concentrated under 
reduced pressure to afford the crude product. This resulting boronic ester S15 was used 
in the next reaction without further purification; Rf = 0.70 (EtOAc only). 
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Acetylated mangromicin A (S16) 
 
 
 
To a stirred solution of crude S15 in DMSO (3.31 mL) was added Ac2O (188 µL, 1.99 
mmol) at room temperature under N2 atmosphere. After being stirred at room temperature 
for 5 h, the reaction mixture was quenched with saturated aq NaHCO3 (5 mL). Resulted 
two layers were separated and the aqueous phase was extracted with EtOAc (5 mL ´ 3). 
The combined organic layers were washed with brine, dried over sodium sulfate, filtered, 
and concentrated under reduced pressure to afford the crude product. This resulting 
acetylated mangromicin A (S16) was used in the next reaction without further 
purification; Rf = 0.43 (hexanes/EtOAc = 1/1). 
 
 
Mangromicin A {(+)-1} 
 
 
 
To a stirred solution of crude S16 in MeOH (3.31 mL) was added K2CO3 (27.4 mg, 199 
µmol) at room temperature. After being stirred at room temperature for 10 min, the 
reaction mixture was quenched with saturated aq NH4Cl (5 mL). Resulted two layers were 
separated and the aqueous phase was extracted with EtOAc (5 mL ´ 5). The combined 
organic layers were washed with brine, dried over sodium sulfate, filtered, and 
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concentrated under reduced pressure to afford the crude product. The residue was purified 
by thin layer chromatography (silica gel, EtOAc) to afford (+)-1 (22.3 mg, 82%) as a 
colorless solid; Rf = 0.48 (EtOAc only); [a]23D +50.5˚ (c 1.00, MeOH); mp; 142.3-143.1 
˚C; IR (neat) νmax (cm-1): 3406, 2954, 1651, 1381, 1292, 1227, 1122, 1080, 1022, 764; 
1H NMR (500 MHz, CDCl3) δ (ppm): 4.73 (dd, J = 11.5, 1.7 Hz, 1H), 4.55 (dd, J = 18.9, 
11.5 Hz, 1H), 4.30 (d, J = 8.0 Hz, 1H), 3.34 (d, J = 9.2 Hz, 1H), 3.20 (d, J = 7.5 Hz, 1H), 
2.87 (ddd, J = 15.5, 13.2, 3.4 Hz, 1H), 2.74 (d, J = 5.2 Hz, 1H), 2.59-2.48 (complex m, 
2H), 2.43 (ddd, J = 13.8, 13.8, 3.4 Hz, 1H), 2.10 (dd, J = 6.9, 6.9 Hz, 1H), 2.05 (ddd, J = 
15.5, 4.0, 4.0 Hz, 1H), 1.85 (dd, J = 12.0, 12.0, 1H), 1.63-1.56 (complex m, 3H), 1.52 (m, 
1H), 1.39 (m, 1H), 1.36 (s, 3H), 1.26 (ddd, J = 14.3, 4.0, 3.4, 1H), 1.06 (d, J = 6.9 Hz, 
3H), 1.03 (d, J = 6.9 Hz, 3H), 0.95 (t, J = 6.9 Hz, 3H); 13C NMR (125 MHz, CDCl3) δ 
(ppm): 208.8, 169.1, 167.0, 103.8, 84.9, 80.2, 73.8, 72.9, 72.3, 52.7, 48.8, 44.3, 44.0, 
37.4, 37.3, 34.6, 24.7, 21.3, 19.3, 14.4, 13.7, 8.5; HRMS-ESI (m/z): [M+Na]+ calcd for 
C22H34NaO7, 433.2202; found, 433.2198. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
